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@ Materials handling vehicle. 

@ A materials handling vahlcle having two pairs of ground 
tfmeote movable to effect steering ol the vehicle, the wheels of 
each pair being mounted at opposite sides of the vehicle 
chassis, at least one pair of wheels baing lockable in a position 
so that steering Is effected solely by the other pair of wheels 
wherein sensor means are provided associated with each of the 
two pairs CFf wheels to provide an eieclrical signal to a control 
means when the respective wheete are In an aligned position In 
which their axes of rotation are perpendloular to a Ibngltudlnai 
axis of the vehicle, the control means Including a aeleotor 
means comprising electrical switch means to enable an 
operator to select simple steering moda in which only one of the 
pairs of wheels are movable to effect steering, or a compound 
steering mode In which both of the pairs of wheels are movable 
to effect steering, the control means further comprising means 
to maintain the selected steering mode until an alternative 
steering mode Is salactad by operation of the selector means 
and the control means receives a slgn&l from at least one of the 
sensor means associated with one of the pairs of wheela. 
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Description 



'Materials handling vehicle" 



DesGiiption of Invention 

5 

This Invention relates to a vehicle and more 
particularly to a materials handling vehicle of the kind 
(hereinafter referred to as being of the kind 
specrfied) connpilsing an elongate chassis having at 
least two pairs of ground wheels which are movable w 
by an operator to effect steering of the vehicle, the 
wheels of each pair being mounted at opposite sides 
of the chassis, at least one pair of the wheels being 
lockable In a position such that steering is effected 
solely by the other pair of wheels. 75 

Such vehicles are known which comprise a front 
pair of wheels and a rear pair of wheels, the operator 
having a selector to lock the rear wheals so that two 
wheel or simple steering is effected solely by the 
front wheels. Also upon operation of the seleclor» 20 
the rear wheels may be released from the kicked 
condition and coupled to the front wheels so that as 
a steenng wheel or other control Is operated, the 
operator can perform compound steering using all 
four wheels so that the rear wheels are moved either 25 
in the same sense as the front wheels, whereby the 
vehicle performs what Is known as "crabbing" or in 
an opposite sense to the front wheels so that the 
vehicle can perform whaf is known as "cramping". 

After crabbing or cramping, when It is desired to 30 
return the vehicle to simple two wheel steering. It Is 
necessary for the roar wheels to l>e lined up so that 
the wheels are generally parallel to the longitudinal 
axis of the chassis, or else the vehicle will not handle 
properly when in simple two wheel steering oper- 55 
ation, and the tyres on tho roar wheels particularly 
may become prematurely worn. 

U S. specification 3185245 discloses a vehicle of 
the kind specified having a control means to enable 
an operator to select simple or compound steering 40 
and to ensure that the ku:kable wheels are locked in 
an aligned position when changing from compound 
to simple steering, and lo ensure that the two pairs 
of wheels move In phase when changing from simple 
to compound steering. By "in-phase" we mean that 4S 
the angles between the front wheels and the 
longitudinal axis of the vehicle are of generally the 
same magnitude as the angles t>etween the rear 
wheels and the longitudinal axis of the chassis. 

However fn the arrangement shown in so 
U.S. 3185245 a selection of simple or compound 
steering is not entirely at the discretion of the 
operator. Particularty when an out of phase condition 
is sensed, the control circuit automatically adopts a 
simple steering mode until the phase is corrected. 55 
and In the event of for example an interruption of 
power supply to the control circuit, on reconnection 
of the control circuit to the power supply the 
operator will Hnd that he cannot readily select 
compound or simple steering. 

According to one aspect of the invention we 
provWe a vehicle of the kind specified wherein 
sensor means are provided associated with each of 



the two pairs of wheels to provide an electrical signal 
to a control means when the respective wheels are 
In an aligned position in which their axes of rotation 
are generally perpendicular to the longitudinal axis of 
the vehicle, the control means including a selector 
means comprising electrical switch means to enable 
an operator to select simple steering mode in which 
only one of the pairs of wheels are movable to effect 
steering, or a compound steerbig mode in which 
both of the pairs of wheels are movable to effect 
steering, the control means further conrprising 
means to maintain the selected steering mode until 
an alternative steering mode Is selected by oper- 
ation of the selector means and the control means 
receives a signal from at least one of the sensor 
meeuis associated with one of the pairs of wheels. 

Thus the change from simple to compound 
steering or vice versa is entirely at the discretion of 
the operator. Furthermore, in the event of an 
interruption of a power supply to the control drcuil. 
upon the power supply being restored, simple or 
compound steering as selected. wIR automatically be 
available to the operator. 

Preferably, steering of the vehicle Is effected by 
moving the wheels of the vehicle solely by using 
hydraulic actuators operated by hydraulk: valve 
means. Further electrically - operated vah/e means 
controlled by the control means may be provUed to 
lock at least one of the pairs of wheels in an aligned 
position or to permit both of the pairs of wheels to 
move together each In response to a steering 
control. 

The electrically operated valve means may be 
solenoid operated. In which case the control means 
may include a latchable switch means which oper- 
ates when unlatched to cause the etectrically 
operated valve means to be operated to lock at least 
one pair of wheels in an aligned posHkin. and the 
latchable switch means when latched operating a 
solenoid to cause the electrically operated switch 
means to be operated to permit both of the pairs of 
wheels to move together in response to the steering 
control. 

Preferably, the electrically operated Valve means 
has first and second solenoids, the control means 
including a first latchable switch means which, when 
latched, operates the first solenoid whereby veNde 
steering is effected in a first compound steering 
mode. e.g. cramping, and a second latchable switch 
means which when latched, operates the second 
solenoid whereby the vehicle steering is effected In a 
second compound steering mode e.g. crabbing. 

Each of the first and second latchable switch 
means may comprise bistable relays or double 
acting relays as required. 

It will be appreciated that the or each latchable 
switch means will remain latched until an alternative 
steering mode Is selected by the operator and a 
signal is received Irom at least one of the sensor 
means. 

If desired, an indicalor means may be provided to 
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Indicate to the operator whether etmple steartng or 
compound steering and where appropriate. Whether 
first or second compound steering mode Is selected 
on the selector means. 

Preferably means are provided to Isolate the 
control moans from the power supply, for example 
through the Ignition switch when the vehido (5 
parked, but It will be appreciated that control means 
when power Is restored, at least initialVr will effect 
the steering mode selected when the control means 
was Isolated. 

The signal from the sensor means may conveni- 
ently comprise the completion or Interruption of an 
electrical circuit. 

According to a second aspect of the Invention we 
provide a method of operating a vehicle aooording to 
the first aspect of the invention to bring Into phase 
two pairs of wheels which are movable to effect 
compound steering of the vehicle, the method 
Including the step of selecting on the selector means 
simple steen'ng mode and operating a steering 
control to bring one of the pairs of wheels to an 
aligned position at which the pairs of wheels 
becomes immovable, and reselectlng compound 
steering mode and bringing the still movable pair of 
wheels to an aligned position using the steering 
control when compound steering mode will again t>e 
effected with both pairs of wheels In phase. 

The invention will now be described with the aid of 
the accompanying draurfngs In which: 

FIGURE 1 1s a diagrammatic view of a vehicle 
in accordance with the Invention, showing a 
hydrauDc circuit by which steering of the vehicle 
is effected, hydraulic control valves being 
shown (n the positions they would occupy for 
simple steering of the vehicle using only the 
front wheels; 

FIGURE 2 Is a view similar to Figure 1 , but the 
control valves are shown In the positions thiey 
would occupy for compound steering: 

FIGURE 3 is a view similar to Figures 1 and 2 
but with the control valves shown In the position 
they would occupy for an alternative compound 
steering operation; 

' FIGURE 4 13 a diagrammatic view of a control 
circuit of a control means for use with the 
vehicle of Rgure 1, and. 

FIGURE 5 is a diagrammatic IHustratlon 
showing the position of proximity switches on 
steering gear of the vehlda 

FIGURE 6 is a diagrammatic view of an 
alternative control circuit to that shown fri 
Rgure 4. 

Referring first to Figure 1 of the drawings, a 
vehicle 10 comprises tour wheels 11,12,13. and 14 
mounted on pairs at either side of a longitudinal axis 
15 of an elongate chassis of the vehicle 10. 

The wheels 11.12, are front wheels and are 
mounted for rotation about respective rotational 
axes 11a and 12a as the vehicle moves, and the 
wheels are movable together by respective double 
acting hydraulic actuators 17.18. about steering axes 
A1. A2. so that the wheels 11,12, may be used for 
steering the vehicle. 

The wheels 13,14, are rear wheels and are simiiariy 



mounted for rotation about respective rotational 
axes 13a and 14a, the wheels 13,14. also being 
movable together about steering axes A3A4. by 
respective double acting hydrauQc actuators 19,20« 
5 so that the wheels 13,14, may also be used tor 
steering the vehicle 10. 

Hydraulic fluid Is supplied from a reservoir 21 by a 
hydrauflc pump 22. via a first hydraulic control valve 
23 to the actuators 17,18 and/or 19,20. depending on 
10 the position In which a second hydraulic control 
valve 24 Is set 
The valve 23 hag three operating positions and the 
^ position of valve 23 Is controlled by the operator e.g. 
using a steering wheel or another steering controt 
IS As shown In Rgure 1, the valve 23 has been moved 
from a rest position R to a first operating posHion VI 
In which fluid is fed under pressure through valve 23 
simultaneously to the annulus side of actuator 17 
and to the non annulus side of actuator 18 so that 
20 wheels 13 and 14 will each turn anticlockwise about 
their steering axes A1,A2 whereby the vehicle, wrtien 
moving forward generally In the direction of airow F, 
shown in Figure 1, wfli be steered to the left in the 
general direction Indicated by arrow C. 
2S As mentioned above, the actuators 17.18, are 
double acting In nature. Fluid expeiied from the 
non-annulus side of actuator 17 and the annulus side 
of actuator 18 is fed via control valve 24 baol< 
through the valve 23 to the reservoir 21. 
30 As shown in Rgure 1. the first operating position 
of control valve 24 is a two wheel or sffnple steer 
operating position. The valve 24 rs solenoid operated 
by a control means as hereinafter described. In the' 
rest position R1 shovwi in Figure 1, the expeiied fluid 
35 from the actuators 17 and 18 simply passes through 
the valve 24, whilst the actuators 19. 20. of the rear 
wheels 13.14, are locked out I.e. hydraulic fluid 
cannot pass to or from either of the sides of the 
actuators 19;20. The wheels 13,14, are shown In an 
40 aligned position such that their axes of rotation 
13a,14a are aligned with each other and are generally 
perpendicular to the longitudinal axis 15 of the 
vehicle. 

Thus the wheels 13.14. lake no part In steering the 
45 vehicle which is effected solely by the front wheels 
11.12. 

It will be appreciated that in Figure 1. although the 
valve 23 Is moved to position VI to cause the front 
wheels 11.12. to turn about their axes A1>V2 

50 anticlockwise, the wheels 11.12, are shown In 
aligned positions tn which their axes of rotation 
11a.l4^ are aligned and generally perpendicular to 
axis 15 i.e. the wheels are shown just prior to the 
wheels 11,12. beginning to move. 

55 At the will of the operator, the valve 23 OTUid be 
moved to the rest position R In which case the 
actuators 17,16 are also lacked out, or to a second 
operating position V2 In which the direction of flow is 
completely reversed, i.e. fluid is fed (after passing 

60 through valve 24) simultaneously to the hon-annulus 
side of actuator 17 and to annulus side of actuator 
18, to effect movement of the wheels 11,12, 
clockwise about tbefr steering axes A1, A2, to steer 
the vehicle 10 to the right as it moves In the direction 

65 of anrow F, but the rear wheels 13,14, will, whilst 
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valve 24 Is In the position shown in Figure 1. remain 
stationary. 

Referring now to Figure 2. each of the compo- 
nents is labBlled with the same reference numeral as 
the components in Figure 1. 

Vahra 23 has again been moved to a first operating 
position V1 in which fluid passes through the vafve 
23 under pressure simultaneously to the annulus 
side of actuator 17. and the non annulus side of 
actuator 10. to effect movement of the front wheels 
11,12, antictockwisB about their steering axes A1.A2. 

However, the expelled fluid from the non annulus 
side of actuator 17 and annulus side of actuator 18, 
does not simply pass back through the valve 24 to 
valve 23 and to the reservoir 21, but valve 24 hias 
been moved to a four wheel or compound steer 
position V3 such that the expelled fluid passes 
through valve 24 to the annulus side of actuator 19 
and the non annulus side of actuator 20 lo cause 
movement of the wheels 13.14, anticlockwise about 
then- steering axes A3 and A4. 

Thus the rear wheels 13,14, are released and are 
usable to effect compound steering of the vehicle as 
It moves generally In the direction of arrow F, the 
vehicle performing a crabbing motion i.e. moving 
generally diagonally for example in a direction 
Indicaled by arrow CI. 

Thus the actuators 19,20 are moved by the fluid 
ejected from the actuators 17,18. 

If the direction of fluid through the valve 23 Is 
reversed by I he operator, by moving the valve 23 to 
its second operating position V2. fluid will be fed to 
the non-annulus side of actuator 19 and to the 
annulus side of actuator 20, to cause the rear wheels 
13.14. to move about their steering ekes A3,A4 
generally clockwise, and fluid ejected from the 
annulus side of actuator 19 and the non-annulus side 
of actuator 20. would be fed back through valve 24 to 
the non-annulus side of actuator 17 and the annulus 
side of actuator 1 8 so that the front wheels 11.12, will 
be moved by the fluid for rotation about their 
steering axes A1 and A2 generally dockwise and 
thus the vehicle wilt move or crab generally diago- 
nally to the right. 

Again valve 23 may be moved by the operator to 
the rest posftion R in which the wheels 11.12.13.14 
will all be locked in the position to whtoh they were 
previously moved. 

Referring now to Figure 3, again s&nilar compo- 
nents to the vehicle of Rgures 1 and 2 are labelled by 
the same reference numerals. 

In Figure 3, the valve 24 has been moved to an 
alternative compound steering position V4. Again, 
with the valve 23 in Its first operating position VI, 
fluid Is fed through valve 23 to the annulus side of 
actuator 17 and the non-annulus side of actuator 18 
to cause the front wheels 11.12, to move anticlock- 
wIsG about their steering axes A1,A2. 

Fluid ejected from the non annulus side of 
actuator 17 and the annulus side of actuator 18 is 
passed through valve 24 to the non-annulus side of 
actuator 19 and the annulus side of actuator 20 so 
that the wheels 13.14, move clockwise about their 
steering axes A3,A4. 
Thus again, the rear wheels 13.14. take an active 



part in steering the vehk:le 10 but always move about 
their axes A3,A4» in opposition to the direction of 
movement of the front wheels 13,14, about the axes 
A1.A2. so that the vehicle performs a "cramping" 
S motion i.e. a very tight turn as the vehicle is moved in 
the general direction of arrow F. as indicated t>y the 
arrow C2. 

By reversing the flow of fluid through valve 23. the 
operator can cause the front wheels 11,12. to be 
10 moved ctockwise by the fluid ejected from the 
actuators 19.20. of the rear wheels 13.14. which will 
move anticlockwise, and also valve 23 can be moved 
to its rest position R so that each of the wheels 1 1 to 
14 are locked In the position to whk:h they were 
fs previously set. 

As mentioned above, the vafve 23 is directly 
movable by the operator whereas fluid control vah/e 
24 is solenoid operated by a control circuit which Is 
shown generally at 30 In Figure 4. 

20 It will be appreciated that when the vehicle Is 
being compound steered It Is desfrable for the front 
and rear wheels always to be in phase whereby the 
degree of turn effected by the front and rear wheels 
is the same so that an anticlockwise movement of 

ss 20^ for example of the front wheels 11,12. is 
matched by a 20*" clockwise or anticlockwise 
movement of the rear wheels 13.14, depending on 
the position of valve 24. 

Further. In a simple steering operation. It is 

$0 desirable for the rear wheels 13 and 14 to be afigned 
in the positions shown in Figures 1 to 3 wheret>y 
their axes of rotation 13a, 14a are aligned with each 
other and are generally perpendicular to the axis 15. 
To enable an operator to achieve alignment of the 

35 rear wheels 13.14. when changing from compound 
to simple steering and/or of the front and rear 
wheels when changing from simple to compound 
steervig. a sensor means is provided associated 
with each of the front and rear wheels. In Figure 5. 

40 the rear wheels 13.14. are shown which are phrotaOy 
mounted on axle 31 secured relative to the chassis 
of the vehicle. A track rod 32 extends betvtreen the 
wheels 13.14. and is movable in the directions shown 
by the arrow D by the actuators 19.20 which are 

45 pivotally mounted between the axle 31 (or the 
chassis) and the track rod 3Z 

The sensor means comprises a proximity switch 
35 which is mounted on the axle 31. the switch 35 
being fbr example, of the inductive type which 

60 senses when a co-operattng part 36 mounted on the 
track rod 32 is at its closest position i.e. k% the 
present instance when the wheels 13 and 14 are in 
their aligned positkms whereby the axes of rotation 
of the wheals 13,14. are aligned with each other and 

55 generally perpendicular to the elongate axis 15 of the 
vehicle. 

Other types of svvitch may be used but preferably 
the switch senses the proximity off a relatively 
movable element without contacting the relatrvety 
€0 movable element. 

A substantially similar arrangement is provided on 
the front wheels, for mounting a second proximity 
switch. 

Referring now to Figure 4. a control circuit 30 is 
es shown which Incorporates the sensor means and a 
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control means to control vafve 24. 

At the heart of the crrcutt Is a manuariy operable 
selector switch 4D which the operator can control to 
select simple steering or compound steering by 
crabbing or cramping. 

Two relays are provided, the colls of which are 
shown at R1 and R2. and the contacts of the relays 
are shown at SI and S2. the coils R1 being 
connected In series with proximity swhch 37 associ- 
ated with the fk-ont wheels 11,12. and coil R2 being 
connected In series with the prcximity switch 35 
associated with the rear wheels, 13,14, each bet- 
ween a positive power supply rail 41 and a negative 
supply rail 42, or earth. 

The switch 40 is a triple way single pole switch 
having three "on" positions, the switch 40 when a 
first operating position penmltting current to pass 
from a terminal T1 which Is connected to rail 41 , to a 
second terminal T2 as shown In Rgure 4, and when 
In a second operating position connecting terminal 
T1 with a terminal T3, and when In a third operating 
position connecting terminal T1 with a termina] T4. 

The first relay has two sets of contacts SI each 
set being connected In series with one of termkials 
T2 end T4 whilst the second relay has only one set of 
contacts S2 connected In series with terminal T3. 

The circuit 30 Includes third and fourth relays 
which are of the bistable or double acting type each ■ 
having two colls, one to close the contacts of the . 
relay, and the other to open the contacts of the relay. 

Preferably the relays are of the type which 
mechanically return the open or closed condition of 
the contacts, whether or not electrical power is 
maintained to the respective coil, until the other coll 
Is energised. 

The "close' coll of the third relay Is shown at R3L 
and the "open" coll of the third relay at R3U, whUst 
the "close" coll of the tburth relay is shown at R4L 
and the "open" coll at R4U. 

The third relay has Iwo pairs of contacts shown at 
S31» S32. and the fourth relay has two pairs of 
contacts shown at 841 and S42. 

Two solenoids are used for moving the fluid 
control valve 24 between Its operative and rest 
positions which are shown at C1 and C2, the 
arrangement being such that when neither sdenofd 
CI or C2 is energised, the valve 24 moves to its rest 
position R with the actuators 19 and 20 of the roar 
wheels 13 and 14 being locked out, whilst when 
solenoid CI Is energised and solenoid C2 Is not 
energised, the valve 24 Is moved to the Rgure 2 
position wherein compound steering Is affected, the 
rear wheels 13.14, moving about the axes A3.A4, in 
sympathy with the front wheels 11.12. In a crabbing 
motion. Alternatively, where solenoid 02 is en- 
ergised and solenoid CI is not energised, the valve 
24 is moved to the Figure 4 position In which 
compound slGoring is effected, the rear wheels 
13,14, moving about axes A3, A4. In anti-sympathy 
with the front wheels 11,12, In a cramping motion, as 
the steering wheel Is turned. 

The circuit Is arranged so that the solenoids CI 
and C2 cannot be energised simultaneously. 

It can be seen that when the coil R1 of the first 
relay is energised, an Indicator light LI Is llluminatBd. 



whilst When the coll R2 of the second relay is 
energised, a second Indicator light 12 is illuminated. 
SImiiarty. when coll CI is energised, a third Indicator 
light 13 Is illuminated, whilst when coil C2 is 
energised, a fourth Indicator light 14 Is energised. 
This is for the assistance of the operator. 

When neither of the colls CI and C2 are 
energised, a fifth Indicator light 15 becomes aiumj- 
nated by virtue of the contacts S32 and 842 being 
closed, and receiving current via an open contact 
current path from the switches S31 and S41 whioh 
are connected to the positive rail 41 . 
, Operation of the vehicle will now be described. 

Beginning with the vehicle In simple steer mode 
La. with contacts T1 and T3 of the switch 40 
connected. If the rear wheels 13 and 14 are aligned, 
the proximity switch 35 wiU be closed so that the coB 
R2 will be energised so that contacts S2 which are In 
series with the terminal T3 vvlll be connected. 
Current may thus pass to both the coils FUU and 
R3U to unlatch both of the solenoids CI and C2 to 
move or maintain valve 24 In rest position R end 
hencfe to lock out the rear wrheels 13.14. The vehicle 
may thus be simply steered by the front wheels 
11,12, the operator actuating valve 23 with the 
steering wheel or other control. 

When it Is desired to change to compound 
steering e.g. by crabbing, the operator moves switch 
40 provldff a control signal to the control means to 
connect terminals T1 and T2. If the flront wheels 
1 1 .12. are not aligned In the position shown In Hgur^ 
1, the proximity switch 37 associated with the front 
wheels will remain open, and accordingly, coil R1 wBI 
remain unenergised and contacts 81 will be open. 
Ttius the coils R3L and R4U will remain unaffected. 
However as the front wheels 1 1 .1 2. pass through the 
aligned position, the proximity switch 37 wiO be 
closed, energising coll R1 to close the contacts SI 
which thus allow current to pass to the colls R3L and 
R4U which will cause contacts S31 to close and 
switch S41 to remain open, so that solenoid CI wDi 
be energised to move the valve 24 to Its Figure 2 
position V3. Thus the front and rear wheels will be In 
phase with each other and will move together as 
valve 23 is adjusted, in sympathy, to steer the vehicle 
10. Any unphasing which may occur due to kerbing 
of the front or rear wheels for example, or simply due 
to Inaccuracies In the hydraulic circuH, may be 
corrected simply by returning to simple ataering 
mode as hereinafter described, and then resetect&ig 
compound crabbing steering mode. 

To change to simple steering mode, the switch 40 
is operated to again signal the control means to 
connect contacts T1 and T3. The rear wheels 13 and 
14 will remain unlocked, and will continue to move In 
sympathy with the front wheels 11,12, until the rear 
wheels 13,14. are In their aligned position, when 
proximity switch 35 will dose, thus energising coll 
R2, closing contacts 32. which wilt aflow the colls 
R4U and R3U to energise to open the contacts S31 
to deactivate the solenoid CI. 

The vehicle may be switched to perform com- 
pound steering by cramping by moving the switch 40 
signal the control means to connect the terminals T1 
and T4. Nothing wHt occur until the front wheels 
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11.12. are aligned when proxfmlty switch 37 will close 
to energise relay R1 to closa contacts Si and 
energise coils R3U and R4L to close contacts S41 to 
energise coil C2. to move valve 24 to the Rgure 4 
position V4. 5 

Solenoid C2 will remain energised until both the 
position of switch 40 has been changed and the rear 
wheels 13,14, are aligned to close proximity switch 
35. 

Thus the operator may switch the steering mode 10 
between simple and compound steering, or between 
crabbing or cramping, at will, by ctianging the 
position of the switch 40, and then aligning the 
front/rear wheels 11.12,13.14. as required, by opera- 
ling valve 23. /5 

It can be seen in Figure 4, that diodes D1 and D4 
are provided between the coils R3L. and R4U, R4U. 
and R3U. R3U and R4U to permit current to pass 
from the respective contacts SI and S2 only to the 
desired coils when the appropriate contacts SI and 20 
S2 are connected. 

The circiut described is only an example of a 
control circuit which may be used with the sensor 
means which comprises the proximity switches 35 
and 37. Various modifications may be made, for 5ff 
example the indicator lights LI to L5 need not be 
required, and instead of relays having coils, solid 
slate switching arrangements preferably of the 
latching kind, may alternatively be provided. 

In an alternative anrangement. a simplified circuit 30 
may be provided where for example the vehicle Is 
only Intended to achieve either simple and crabbing 
or simple and cramping steering operations. 

Figure 6 shows an alternative circuit to that shown 
In figure 4, In which the triple way single pole switch 35 
40, is replaced by a three pole switch 45 which 
enables relays R1 and R2 to be deleted from the 
circuit. Instead, the switch 45 is directly coupled to 
the proxlmrty switches 35,37. and to the coils 
R3U.R4U.R3L.R4L, of the relays controlling sole- 40 
noids C1,C2, 

It will be appreciated by those skilfed in the art, 
that the valve shown at 23 In figures 1 to 3 Is a very 
simplified illustration of a practical valve which is 
readily commercially available, which would be 4S 
required to enable an operator to achieve accurate 
steering of his vehicle. 

In practice, a proportional valve, such as a 
Oanfoss steering valve would be required such as 
one called OSPB valves, versions ON, OR. and CM. 50 
but the exact nature of the valve 23 used In not 
crucial to the working of the present invention, and 
hence the valve shown at 23 Is only a diagrammatic 
illustration of one simple type of valve to facaitata 
understanding of the invention. 55 

It will be appreciated that in the event of an 
interruption In power supply to the circuit of figure 4 
or figure 6. for example by operation of an ignition 
switch 1. because the relays or other switches which 
control the solenoW operated valves are of the eo 
latching type, w/hen power is restored, the steering 
mode last selected by the operator will at least 
initially be effected, and that change in storing mode 
can only be effected upon operating the selector 
means 40 or 45. and receipt of an appropriate signal 65 



from one of the sensor means. 

The features disclosed in the foregoing descrip- 
tion in the following claims, or the accompanying 
drawings, expressed in their speciTic forms or in 
tarms of a means for performing the disclosed 
function, or a method or process for attaining the 
disclosed result, or a class or group of substances 
or compositions, as appropriate, may, separately or 
In any combination of such features, be utiltsed for 
realising the inventk>n in diverse forms thereof. 



Claims 



1. A vehicle of the kind specified wherein 
sensor means are provided associated with 
each of the two pairs of wheels to provide an 
electrical signal to a control meEins when the 
respective wheels are in an aligned position in 
which their axes of rotation are generally 
perpendicular to the longitudinal axis of the 
vehicle, the control means Including a selector 
means comprising electrical switch means to 
enable an operator to select simple steering 
mode In which only one of the pairs of wheels 
are movable to effect steering, or a compound 
steering mode in which both of the pairs of 
wheels are movable to effect steering, the 
control means further comprising mearts to 
maintain the selected steering mode until an 
alternatk'B steering mode Is selected by oper- 
ation of the selector means and the control 
means receives a signal from at least one of the 
sensor means associated with one of the pairs 
of wheels. 

2. A vehicle according to claim 1 wfierefri 
steering of the vehicle is effected by moving the 
wheels of the vehicle solely by using hydraulic 
actuators operated by hydraulic valve means. 

3. A vehicle according to claim 1 or claim 2 
wherein electrically operated valve means con- 
trolled by the conti'oi means Is provided to tock 
at least one of the pairs of wheels In an aligned 
position or to permit both of the pairs of wheels 
to move together In response to a steering 
control. 

4. A vehicle according to claim wherain the 
electrically operated valve means are solenoki 
operated and the control means includes a 
latchable switch means which operates when 
unlatched to cause the electrically operated 
valve means to be operated to lock at least one 
pair of wheels in an aligned position, and 
latchable switch means which when latched 
operates a solenoid to cause the electrically 
operated switch means to be operated to 
permit both of the pairs of wheels to move 
together In response to a steering control 

5. A vehicle according to claim 5 wherein the 
electrically operated valve means has a first and 
second solenoid, the control means including a 
first latchable switch means which when 
latched operates the first solenoid whereby 
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vehicle steering \s effected fn a first compound 
steering mode, and a second fatohable awHoh 
means which, when latched, operates a second 
solenoid whereby steering Is effected In a 
second compound steering mode. 5 

6. A vehicle according to claim 4 or claim 5 
wherein the or each of the first and second 
latchable switch means comprises a bi-stabte 
relay. 

7. A vehicle according to any one of claims 4 io 
to 6 wherein the or each latched switch means 
remains latched until, an alternative stseiing 
mode is selected by fhie operator and a signal is 
received from at least one of the sensor means. 

8. A vehicle according to any one of the is 
preceding claims wherein an Indicator means Is 
provided to indicate to the operator whether 
slnnple steering or compound steering, and 
where appropriate where the first or second 
steering mode, Is selected on the selector 20 
means. 

9. A vehicle according to any one of the 
preceding claims wherein means are provided 
to Isolate the control meevis from any power 
supply, the control means when power Is 2S 
restored at least Initially affecting the steering 
mode selected when the control means was 
Isolated. 

10. A vehicle according to any one of the 
preceding claims wherein the signal provided so 
by each of the sensor means Is the completion 
or Interruption of an electrical circuit. 

11. A vehlds according to any one of the 
preceding claims wherein each of the sensor 
means comprises a proximity switch associated 35 
with the steering gear which effects movement 
of the respective pair of wheels, the switch 
sensing the proximity of a relatively movable 
element without contacting the relatively mov^ 
able element. 40 

12. A method of operating a vetade according 
to any one of claims 1 to 11 In order to bring Into 
phase two pairs of wheels which are movable to 
effect compound steering, the method com- 
prising selecting on the selector means simple * 45 
steering mode and operating a steering control 

to bring one of the pairs of wheels to an aligrted 
position at which the pair of wheels will become 
Immovable, and rcselecting compound steering 
mode and bringing the still movable pair of so 
wheels to an aligned position using the steering 
control, when compound steering mode wlB 
again be effected with both pairs of movable 
wheels In phase. 

55 



eo 



as 



7 



030077A 



22 



23 



1 



-I 



\ 



V2 



LA 



21 



FIG 1 



11 



I — r 

A1 X-i— . 



7 

17 



2A 



V3- 



V4 



7?N 



r"<N A2 



18 



.^15 C 



13 



19 



14a 

-X. 



20 



# 



0300774 




030077A 



23 

i 



■VI 



-i »- 



21 



■R 



■V2 



FIG 3 



^-Z-- 



V3- 



xtf 

I 



24 



13- 



^^^^ 



A3 



18 



^15 



-A2 



T~ 
19 



T 

20 



J 



14 



I 



-A4 



